Inclusion of stiffness nonlinearity in a vibration isolator has been shown to exhibit some advantages such as an increase in the frequency range of isolation. In some engineering applications, it is common to design the vibration isolator such that the stiffness in one direction is significantly different from the stiffness in other directions. Such a design is commonly used for vibration isolators in applications where the packaging and performance requirements along different axes are drastically different. One such example is the vibration isolator for a motorcycle powertrain. This study proposes a design that incorporates stiffness nonlinearities into the vibration isolator along two axes to complement the spring-damper system along the axis of displacement of the single degree-of-freedom system. These stiffness nonlinearities are incorporated into the Maxwell-Voigt (MV) and Maxwell-Maxwell-Voigt (MMV) models for elastomeric isolators. The proposed design is expected to increase the range of vibration isolation and allow some design flexibility in placing the natural frequency of the system while satisfying the specific requirements of a range of products. Results from all the models investigated in this study indicate that adding stiffness nonlinearity, in the form of spring elements along the non-isolating axes, can provide a designer with additional flexibility in placing the natural frequency of the isolation system while enhancing the overall isolation range.
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NOMENCLATURE

F
Amplitude of external excitation force.
Amplitude of displacement of the isolated mass and the nodes of the Maxwell elements. ϕ, ϕ 1 , ϕ 2
Phase angles for the displacement of the mass and the nodes. k h , k hx , k hz Stiffness of horizontal spring element. l 0 , l Free length and compressed length of spring element.
Displacement of the isolated mass and the nodes of the Maxwell elements.
Stiffness constants. m Mass.
INTRODUCTION
The use of passive vibration isolators is widespread in multiple engineering applications.
1 Designers have been increasingly investigating the use of stiffness and damping nonlinearities to overcome some of the constraints posed by linear vibration isolators.
2-4 These nonlinearities are specifically incorporated as per design intent; however, there are multiple aspects of a passive elastomeric isolator such as cyclical softening, temperature dependent behavior, etc. that make the behavior inherently nonlinear. 1 Nonlinearities that have been investigated in the literature include attributes resulting from smart material elements, X-shape structured lever-type design, scissor-like structured platform, etc. 1, 5, 6 Passive isolators exhibit a complex behavior that needs to be modeled in order to accurately predict system response before undertaking detailed design of the isolation system. There are multiple models with varying characteristics in the existing literature that have been used to represent specific features of a vibration isolation system, one such example is the use of Maxwell-Voigt and Maxwell Ladder models for multi-degree-of-freedom isolation systems.
7
Some of the recent literature on nonlinear vibration isolation includes discussion on negative stiffness mechanisms, 8, 9 quasi-zero-stiffness, 10, 11 high-static-low-dynamic stiffness, 12 among other possible designs that take advantage of nonlinear behavior. The negative frequency mechanism is reported to increase the frequency range of vibration isolation, 8 and such a mechanism is also found to significantly mitigate the response at resonance. 9 The quasi-zero-stiffness design is found to be particularly beneficial for low frequency response, 10 while a multi-direction quasi-zero-stiffness isolator is found to improve the isolation effect in multiple directions simultaneously in addition to providing design flexibility.
11
Nonlinear designs and nonlinear design attributes have been found to be particularly appealing since they can offer design flexibility in a passive vibration isolator and allow the isolation system to overcome some of the trade-offs associated with the use of a passive isolator. Nonlinearities have been specifically used for designing high-static-low-dynamic stiffness isolators, 12 for modeling hysteretic behavior, 13 etc. Many quasi-zero-stiffness isolators have been observed to possess high-static-low-dynamic stiffness characteristics, the existing literature provides examples of isolator designs with both characteristics.
12 Alternative models have also been proposed in the literature to identify the viscoelastic behavior of an elastomeric isolator by developing a generalized Maxwell model, 14 or by developing a constitutive model that repre-
